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of brace-wearing patients with AIS change
when transitioning from standing to sitting
position? A preliminary study on Lenke |
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Abstract

Background: Bracing is the most common conservative treatment for preventing the progression of adolescent
idiopathic scoliosis (AIS) in patients with a curve of 25°-40°. X-ray examinations are traditionally performed in the
standing position. However, school-age teenagers may take more time to sit. Thus far, little is known about three-
dimensional (3D) correction in the sitting position. Hence, this study aimed to determine the effects of standing and
sitting positions on 3D parameters during brace correction.

Methods: We evaluated a single-center cohort of patients receiving conservative treatment for thoracic curvature
(32 patients with AIS with a Lenke | curve). The 3D parameters of their standing and sitting positions were analyzed
using the EOS imaging system during their first visit and after bracing.

Results: At the patients'first visit, sagittal plane parameters such as thoracic kyphosis (TK), lumbar lordosis (LL),

and sacral slope decreased when transitioning from the standing position to the sitting position (standing 29°+6°,
42°48° and 42°4+8° vs. sitting 22°£5°, 27°£6° and 24°+4°% p < 0.001), whereas pelvic tilt (PT) increased and sagittal
vertical axis shifted forward (standing 9°+6°and 1.6+ 2.7 cm vs. sitting 24°4+4°and 3.8+ 2.3 cm; p<0.001). After
bracing, TK and LL decreased slightly (from 29°+ 6° and 42° 4+ 8° to 23°+ 3° and 38°+6°% p <0.001), whereas the thora-
columbar junction (TLJ) value increased (from 3°+3°to 11°£ 3% p<0.001). When transitioning to the sitting posi-
tion, similar characteristics were observed during the first visit, except for a subtle increase in the TLJ and PT values
(standing 11°43°and 9°£4° vs. sitting 14°+ 3° and 28°+4°% p<0.001). Moreover, the coronal and axial parameters at
different positions measured at the same time showed no significant change.

Conclusions: In brace-wearing patients with thoracic scoliosis, compensatory sagittal plane straightening may be
observed with a slight increase in thoracolumbar kyphosis, particularly when transitioning from the standing position
to the sitting position, due to posterior rotation of the pelvis. Our results highlight that sagittal alignment in AlIS with
brace treatment is not completely analyzed with only standing X-Ray.

Trial registration: The study protocol was registered with the Chinese Clinical Trial Registry (ChiCTR1800018310).
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Introduction

Adolescent idiopathic scoliosis (AIS) is characterized
by a three-dimensional (3D) deformity of the spine and
trunk. A recent study by Weinstein et al. demonstrated
that bracing significantly reduces the progression of the
high-risk curve to the surgical threshold in patients with
AIS [1]. When using a brace to treat patients with sco-
liosis, the correction of coronal, transverse, and sagittal
parameters is necessary to achieve optimal outcomes. In
all patients, including 28% of those with treatment fail-
ure, these parameters were traditionally analyzed in the
standing position. However, the changes in the param-
eters measured in different positions remain to be eluci-
dated in brace-wearing patients with AIS.

The parameters associated with a higher risk of curve
progression during bracing are generally considered
multidimensional; these parameters include the curve
type [2], curve magnitude [2], skeletal maturity [3],
menarcheal age [4], peak height velocity [4], and brace
treatment initiation time [5]. In addition to the afore-
mentioned identifiable factors, brace compliance [6],
initial coronal deformity angular ratio [6, 7], and curve
flexibility [8] influence the decision-making of physi-
cians, orthotists, and physiotherapists as these may affect
the final correction outcome [8, 9].

Recently, several studies have challenged the coro-
nal correction rate based on the impact of 3D analysis
of bracing efficacy [10, 11]. An important prospective
study by Kwan et al. reported that considering all three-
plane spinal parameters is important for the success-
ful treatment of AIS using braces [12]. In another study,
the impact of wearing a brace on the sagittal profile was
found to be variable, which included the loss of thoracic
kyphosis (TK) and lumbar lordosis (LL) [10]. Similarly,
the analysis of sagittal alignment from the head to the
pelvis showed that the brace further flattens the patient’s
back and causes a large compensatory reorientation
of the pelvis. Sagittal balance should be included in the
planning and evaluation of brace treatment because it
may play a role in the treatment outcome [13].

Standing and sitting are the two most commonly used
weight-bearing positions. Currently, the reference val-
ues for spinal deformity correction are measured using
standing X-ray examinations [14—16]. The sagittal spin-
opelvic alignment may change in different positions
[17-19]. However, limited detector size and single-source
divergent X-ray beam were used in the conventional radi-
ological examinations performed in the previous studies,
which might have led to image magnification and stitch-
ing errors. Previous studies have described the 3D recon-
struction of EOS stereoradiography [20-23]. According
to the aforementioned studies, the 3D parameters
obtained from simultaneous frontal and lateral imaging
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exhibit excellent reliability in standard- and microdose
protocols [21, 23]. Hence, the influence of 3D parameters
on the success of brace treatment has gradually garnered
attention.

School-age teenagers may take more time to sit. Thus
far, little is known about the 3D correction of AIS in the
sitting position. Therefore, this study sought to deter-
mine the effects of the standing and sitting positions
on the 3D parameters measured during the brace treat-
ment of patients with thoracic curvature with a risk of
progression.

Materials and methods

Study design and participants

This prospective observational cohort study enrolled 32
patients with AIS who met the Scoliosis Research Society
criteria for bracing between October 2019 and February
2021. Informed consent was obtained from each patient
or their legal guardian before recruitment. Inclusion cri-
teria were the age of 1015 years, a Cobb angle of 25°—
40°, AIS classified as Lenke I, skeletal immaturity (defined
as 0-3 on the Risser scale), and < 1 year after menarche.

Study interventions
All patients wore Chéneau-type braces made using molded
casting via computer-aided design/manufacturing.

Data collection

Radiographic examinations using the EOS imaging sys-
tem were performed at a 7-day interval between each
patient’s first visit and immediately after the patients
started using the Chéneau-type brace.

The EOS system is a microdose imaging system that
can acquire simultaneous posterior—anterior and lateral
views in the standing and sitting positions.

To perform spinal 3D modeling on the sterEOS® work-
station, the following anatomical landmarks should be
visible on both views: the center of vertebra C7, vertebral
endplates of the thoracic and lumbar spine, sacral end-
plate, and bilateral acetabula. To ensure good visibility
of these anatomical landmarks without overlapping, the
patient should be positioned as follows during the stand-
ing-position acquisition. First, the participant is placed in
the middle of the cabin in a weight-bearing position with
the pelvis in the isocenter of the platform. Then, the fists
are placed on the cheek or clavicle so that the patient’s
upper arm is at a 45° angle to the body, with the patient
looking straight ahead.

In the sitting position, patients’ images are obtained
as follows [19]. The user should place the patient on a
stool with a rounded seat and base to facilitate instal-
lation in the EOS. The height of the stool should be
adjustable from 40 cm (15 inches) to 55 cm (22 inches)



Zhang et al. BMC Musculoskeletal Disorders (2022) 23:419

to allow positioning of the femurs parallel to the ground.
The crossbar is placed to keep the horizontal line 33 cm
from the eye. The patient should place their hands on the
bar to imitate the standard sitting position of a student
(Fig. 1).

3D reconstruction
A semi-automated 3D reconstruction of the spine was
performed by a trained and experienced radiologist using
a dedicated software with proven results (sterEOS®) [24].
The software can identify anatomical points and gen-
erate a computerized 3D reconstruction of the complete
spine based on the synchronized posterior—anterior and
lateral images [23] (Fig. 2). Radiographic parameters were
collected along three planes:

1) The sagittal plane—TK (T4-T12), LL (L1-L5), thora-
columbar junction angle (TLJ; T10-L2), pelvic tilt
(PT), pelvic incidence, sacral slope (SS), and sagittal
vertical axis (SVA)
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2) The coronal plane—based on the Cobb angle meas-
urements, the in-brace correction rate was measured
using the following equation:

(Prebrace Cobb Angle — In — Brace Cobb Angle)

% 100%
Prebrace Cobb Angle ‘

Correction Rate =

High initial correction of>50% was of significance
for the outcome [7].

3) The transverse plane—the following parameters
were used: apical axial vertebral rotation (AVR) [7]
and torsion index, which is the average of the two
sums of intervertebral axial rotation from the lower
junction to the apex and from the apex to the upper
junction [25].

Statistical analysis

Values are expressed as means=+standard deviations
(SDs). Statistical analysis was performed using the SPSS
software (v. 22.0, SPSS Inc.). The Shapiro—Wilk test was
used to test the normality of the distribution of all con-
tinuous variables. Normally distributed variables were

first visit in-brace
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Fig. 1 Patient is examined using the EOS imaging system in the standing and sitting positions at the first visit and after bracing (with a

Chéneau-type brace)
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Fig.2 A 13-year-old patient with adolescent idiopathic scoliosis was examined in the standing and sitting positions at the first visit and after
bracing. The changes in sagittal plane parameters can been observed (yellow arrow)
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analyzed using Student’s paired ¢-test; otherwise, the
Wilcoxon signed-rank test was used for the comparison.
A p-value of <0.05 was considered statistically significant.

Results
In total, 3 male and 29 female patients with AIS classified
as Lenke I were included in the study.

At the first visit, their mean age was 13.4+1.3 (range:
10-14) years. The average Cobb angle of the main curve
in the standing position was 36°£5°. The correction rate
of 28 patients exceeded 50%, and the mean=+SD of the
correction rate in these patients was 63% £7.56%; in the
other 4 patients, the mean+SD of the correction rate
was 44.7% £ 4.25%.

There was no significant difference in the coronal
and transverse parameters when transitioning from the
standing position to the sitting position at the first visit or
after bracing (p >0.05). Regarding transverse parameters
in the standing position, AVR and torsion index measure-
ments decreased after bracing than those measured at
the first visit (from 6°£1° and 6.58 £2.71 to 4°+1° and
4.224+2.09; p<0.001). Furthermore, the sagittal param-
eters TK and LL reduced after bracing (from 29°£6° and
42°4+8° to 23°+3° and 38°+6° p<0.01), whereas TLJ
increased (from 3°+3° to 11°+3°; p<0.001). Compared
with the corresponding measurements in the sitting
position at the first visit, TK, LL, and SS decreased after
bracing (from 22°+5°, 27°+6°, and 27°+6° to 15°+3°,
22°£3° and 22°+4° p<0.01), whereas TL] and PT val-
ues increased (from 3°+£2° and 24°+4° to 14°+3° and
28°+4° p<0.01) (Table 1).

Page 4 of 8

Compared with the corresponding measurements in
the standing position, at the first visit, the sagittal param-
eters TK, LL, and SS decreased in the sitting position
(standing 29°+6°, 42°+ 8°, and 42° +4° vs. sitting 22° +5°,
27°£6° and 24°£4° p<0.001), whereas PT increased
(standing 9°£6° vs. sitting 24°£4° p<0.001). After
bracing, TK, LL, and SS decreased when transitioning
from the standing position to the sitting position (from
23°+3°, 38°+6°, and 40°+£7° to 15°+3°, 22°+3°, and
22°+4°% p<0.001), whereas TLJ] and PT values increased
(standing 11°+3° and 9°+4° vs. sitting 14°+3° and
28°+4° p<0.001).

During the first visit and after bracing, a forward shift
in SVA was observed when transitioning from the stand-
ing position to the sitting position (from 1.6 £2.7 cm and
1.74+2.5 cm to 3.84+2.3 cm and 3.84+2.1 cm; p<0.01)
(Table 2).

Discussion

Using 3D reconstruction of the spine, three novel find-
ings relating to the 3D parameters of sitting with bracing
were demonstrated. In this study, axial rotation in the
apex vertebrae was significantly improved after wearing
a brace in two positions—the first finding.Significant dif-
ferences between the two positions were observed in that
the sagittal parameters of bracing were all decreased dur-
ing the sitting position than during the standing position
(Fig. 3)—second finding. Furthermore, no differences in
the parameters of the coronal and transverse planes were
observed between the two positions, whether at first visit
or after bracing—third finding.

Table 1 Three-plane parameters: comparison of values obtained in the standing position versus in the sitting position at the first visit

and after bracing

Standing p Value Sitting p Value
Parameters first visit in-brace first visit in-brace
Sagittal parameters
TK () 2916 2343 <0.001* 22+5 1543 <0.001*
U () 3+3 1143 <0.001* 342 1443 <0.001*
LL () 42+8 38+6 0.010* 27+6 22+3 <0.001*
PI(°) 50+6 505 0441 507 505 0.952
PT () 9+6 9+4 0.683 24+4 28+4 <0.001 *
SS () 42+4 40+7 0.168 27+6 22+4 0.010*
SVA (cm) 16+27 1.74+25 0.969 38+23 38+21 0.965
Coronal parameters
Cobb angle () 36+5 144+4 <0.001* 36+£5 1444 <0.001*
Transverse parameters
AVR () 6+1 441 <0.001* 6+1 4+1 <0.001*
Torsion index 6.58+2.71 4224209 <0.001* 6.55+2.75 4284216 <0.001*

" Significant difference (p <0.05)
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Table 2 Three-plane parameters: comparison of values obtained in the standing position versus in the sitting position at the first visit

and after bracing

first visit p Value in-brace p Value
Parameters Standing Sitting Standing Sitting
Sagittal parameters
TK () 29+6 2245 <0.001* 2343 15+3 <0.001*
T () 3+3 3+2 0.893 11+3 14+3 <0.001*
LL() 4248 27+6 <0.001* 38+6 2243 <0.001*
PI(°) 50+6 507 0.968 50+5 505 0.281
PT () 9+6 24+4 <0.001* 9+4 28+4 <0.001*
SS () 4244 2746 <0.001* 40+7 2244 <0.001*
SVA (cm) 16+27 38423 <0.001* 1.7£25 38421 <0.001*
Coronal parameters 0.386 0.813
Cobb angle (°) 36+5 36+5 144+4 1444
Transverse parameters
AVR (°) 641 641 0453 441 441 0.264
Torsion index 6.58+£2.71 6.55+2.75 0.622 4.224+2.09 428+£2.16 0.131

* Significant difference (p <0.05)

first visit

Standing

in-brace

TLJ

Fig. 3 Changes in sagittal plane parameters at the first visit and after bracing

first visit

Sitting
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The axial-plane parameters and correction of these
parameters during bracing are related to the success of
brace treatment [11]. In our study, the axial rotation and
torsion coefficients of the apical vertebrae improved with
brace correction; however, there was no statistically sig-
nificant difference in them between the standing and sit-
ting positions after bracing. These findings of our study
are consistent with those of previous studies reporting
that improved axial rotation after bracing suggests that
a Chéneau-type brace has a significant effect on AVR
compared with a traditional thoracolumbosacral ortho-
pedic brace [26]. This effect may be due to the design of
the Chéneau-type brace, which provides detorsion force
through the trunk and achieves 3D self-correction of
active movement through the release space of the brace.
This can be observed during the breathing expansion
process [27].

An immediate coronal correction rate of the brace
between 30 and 60% may lead to a satisfactory treatment
outcome [28-30]. Recently, more studies have focused
on the characteristics of the sagittal plane [31, 32]. In
our study, the correction of the coronal plane was rela-
tively satisfactory. Changes in the sagittal plane param-
eters were observed, such as a decrease in TK and LL
and an increase in TL], which corroborate the results of
the study conducted by Courvoisier et al. [24]. Our study
confirmed the abovementioned phenomenon in patients
with main thoracic curve, where the sitting position was
more pronounced than the standing position when the
patients wore the brace.

Compared with the standing position, TK, LL, and SS
decreased and PT significantly increased in the sitting
position at the first visit. Changes in these parameters
were similar to those reported in previous studies with-
out brace [18, 19]. The straightening of the spine and
associated loss of LL and TK result in a compensatory
increase in PT. Notably, as the sacrum becomes more
horizontal, SS decreases. Biomechanical studies have
demonstrated a correlation between the lumbar spine
and sacrum [26, 33-35].

The characteristic of sagittal straightness when stand-
ing is described as a “side effect” of brace treatment
wherein the trunk follows the brace shape.

The posterior thoracic pad pushes to correct the rib
uplift to derotate the apex vertebrae, which may be the
cause of the iatrogenic deficiency of TK (T4-T12). In
turn, it may result in the straightening of the overall sag-
ittal plane. We found a subtle difference in the increased
TLJ (T10-L2) value after bracing, which might be a
mechanism of the body’s self-regulation in bracing [10].
The brace exerts corrective force on the lateral and poste-
rior sides of the thoracic and lumbar curves, respectively,
affecting the sagittal curves (Fig. 3). The change from the
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standing position to the sitting position after wearing
braces was similar to that noted in sagittal plane charac-
teristics at the first visit, except for an increase in the TL]
value.

To the best of our knowledge, few studies have focused
on changes in the parameters measured in the sitting
position after wearing a brace. The exclusive use of the
standing-position reference values is not comprehensive.
In particular, brace-wearing patients with AIS take more
time to sit in the weight-bearing position. Our study
shows that the sagittal spinopelvic parameters are the
most variable in both the standing and sitting positions
and may be the primary factors controlling the sagittal
plane balance. The spine is straightened, SVA shows posi-
tive changes, pelvis rotates backward, and sacrum rests in
a more horizontal position when sitting. It is most signifi-
cant in the pelvic and lower-lumbar segments, followed
by the thoracic segment. In children, various segments of
the pelvis and spine are interdependent in the standing
position [36]. Our data and their interpretation are also
consistent with the idea that pelvic positioning deter-
mines the overall sagittal balance.

Our novel study also suggests that the influence of the
sagittal plane parameters when a patient is seated may be
related to the posterior rotation of the pelvis, leading to
a straighter sagittal curve and forward shift of the SVA.
This effect has also been demonstrated in patients under-
going surgical treatment. When the kyphosis is reduced,
the lumbar spine compensates by reducing the lordosis
to maintain the coordination of the thoracic and lum-
bar spine [37]. We showed that after wearing a brace, the
whole spine became straight and the SVA moved forward
in the sitting position, which was not reported in previ-
ous studies.

The effect of maintaining the sitting position for a
prolonged time on spinal deformities in adolescents
should be studied further. Nonetheless, we believe that
the changes in these parameters imply that 3D changes
after bracing may not be fully analyzed using standing-
only assessments. Furthermore, we infer that the forward
movement of the SVA is likely due to a change in the
center of gravity that causes the body to move forward to
achieve more physiological spinal balance. The reduction
of LL and compensatory reduction of TK are the primary
changes required to achieve the physiological balance.

A correlation among several segments of the sagittal
plane has been demonstrated in surgical studies. An
increase in TK following surgery results in an increase
in lordosis in the proximal spine [38, 39]. The sagittal
plane curvature is mostly hypokyphosis, which is as
important as the transverse plane in the overall defini-
tion of scoliosis [31]. The segmental analysis of spinal
deformity and differences in the structural changes of
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segmental adaptation mechanism in the related sagittal
plane may provide a comprehensive understanding of
the sagittal assessment of AIS. The sagittal alignment of
the spine in our patients was different from that noted
in healthy individuals because of the structural deform-
ity. At the first glance, the curve-type polymorphism of
the sagittal plane appears complex.

This study has some limitations. One limitation is the
generality of the cross-sectional observation design.
Although the cohort comprised patients from all over
the country, it does not ensure that they were representa-
tive of the entire population of adolescents with AIS.
Although only a microdose of radiation was used in the
experimental procedure, the procedure itself was not
entirely radiation-free. As patients who did not provide
consent were excluded, the sample size was small, which
is another limitation of this study. Moreover, the lack of
patient-reported outcomes represents another limitation.

Conclusion

The changes in the sagittal parameters measured after
bracing showed that TK and LL were significantly
decreased and TLJ was slightly increased. Most sagittal
plane parameters varied between the standing and sit-
ting positions. Despite the improvement in axial rotation,
the effects of changes in the sagittal parameters warrant
further investigation. Whether the brace is a victim of its
own success is unknown. One of the principles of brac-
ing is to preserve the sagittal profile of the spine, and its
effect should be observed through a multidimensional
field of view as the multiplanar geometry of the sagittal
profile cannot be evaluated using the Cobb angle alone.
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